Abstract
Introduction
The researches on robotics have increased thanks to emerging new technologies and work on this field has gained speed. Especially, the innovative researches based on robotics hand and arm designs have been realized in several research centers on the world since the 80's. The first prosthetic robot hand that consisted of 3 fingers and 1 thumb is developed by Utah University and MIT in 1986. It was on the study of the mobility of construction-purpose machines [1] . The development of robotics focused on the number of fingers and object attitude in 90's. However, there has been no testing of any mobility in these years [2, 3] . At the end of the 90's, robotics began to show some differences with the materials made [4] and the NASA Johnson Space Center made a new robotic handout consisting of two sub-sets [5] . The first set was the capability of mobility used for manipulation and the second one was a set of steadily grip during the movement of a particular object [5] . A new robotics control system was introduced by Byoung K et al. in 2000. This system consisted of two steps: RIFDS (Resolved Inter-Finger Decoupling Solver) and RIJDS (Resolved Inter-Joint Decoupling Solver). Through the RIFDS process, they have worked on providing elements with nondiagonal stiffness that can be hardened relative to only the geometric object to be gripped and similarly providing flexible finger control and independently providing flexible angle servo control through RIJDS [6] . The studies done up to this time has focused on noise reduction, lightness, human finesse, simplicity, cheap, low power and easily controllable [7, 8] . Bundhoo et al. have designed a prosthetic hand that would provide small movements thanks to the 4-degree flexibility with biomimetic prosthetic fingers using a SMA (Shape Memory Alloy) to create a smart muscle system [9] . Shadow Robot Company has designed a robotic hand that resembles the human hand with its 24-degree free mobility in 2006 [10] . Zajdlik et al. made it possible to recognize the automatic attitude of objects using wavelet theory and artificial neural networks on EMG signals in their study [11] . Nowadays, more and more sensitive prostheses hands have begun to be designed by using microcomputers in robotics applications. A 4-fingered system was developed using sensors wireless feedback and 8-bit microprocessor by Ramiah et al [12] . Zhang T. et al. have designed an FPGA / DSP based prosthesis [13] . In later work, capacitive sensors have begun to be widely used in robotic hand applications. Thanks to such sensors, high precision hand prostheses have been developed in robotic work [14] . Kappassov et al. designed robotic hand with high sensitivity based on capacitive, piezoelectric, quantum effect, optical and barometric sensors [15] . The application area of systems that can animate hand movements is almost limitless. The hand is one of the most complex organs of human body. Therefore, many researches in this field are being done both in the field of medicine and engineering [16] [17] [18] [19] [20] [21] . A similar robotic arm has been realized without wireless connection in the previous studies. But this reduces the flexibility of remote control [22] . The main purpose of this work is to develop the hardware and software of the system, which enables remote manipulation of five finger movements, which can be controlled remotely by human wearing gloves. The basic structure of the system is shown in Fig. 1 . The main distinction of the system is that the angleresistance relationship is obtained with the flexible sensor for the detection of the human fingertip angle and that it can be seen what the robot hand is monitoring simultaneously on the 3D Blender interface. This device can be used easily in the fields of medicine, industry and defense industry owing to developments and new additions. In particular, it can be used in dangerous humanitarian works for human health and safety such as bomb disposal, private laboratory operations. Furthermore, thanks to that the system is attractive in terms of cost, it will enable the growth of commercial artificial robotic hand. 
Flexible Sensor
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The flexible sensors that can be produced as one-way or two ways flexibility are detectors whose resistance can be varied by the pressure applied on them. Since the human fingers can be twisted in one direction according to their nature, a one-way flexibility sensor is chosen as the sensor in this study. With the help of these sensors, servo motors can be controlled from 0° to 180°. The relationship between the flexible sensors mounted on the glove and the servo motor angle values is shown in Table 1 . 
The Connections of System
The flexible sensors are mounted onto the glove as shown in Figure 2 to cover the entire length of the finger. Micro servo motors whose advantages are the small size and high torques are used for robot hand movements. The torque is 1.8 kg.cm for each servo motor used in the operation since it is performed only for motion animations. These torque values are sufficient for this study and can be selected easily as bigger values for other Power-requiring applications. Arduino servo motor connection is shown in Figure 4 . The analog information received from the finger sensors located in the fingers is converted to angle information in the digital form and then sent to remote robot hand through RF 433 MHz wireless communication module. Figure 5 shows the RF 433 MHz transceiver module and Arduino connections. The data from the RF 433 MHz transmitter module is sent to the receiver module where it is decomposed and sent to the servo motors. The information flow diagram from the receiver module to the servo motors is shown in Figure 7 . 
Communication
Wireless communication provides great convenience to receive information from mobile or stationary units that provide ease of movement or to send over a wide area. In this project, the RF 433 MHz module, which is low cost and easy to find on the market, is used for wireless communication of glove and robot hand. The data from the five different flexible sensors are sent sequentially to the servo motors. A protocol for discrimination of this data on the receiver has been developed. The analog data received from the fingers are converted to digital values and then converted to angle values of the integer type. After converting angle values to char type, different angle values are assigned to the RF 433 MHz transmitter module by combining different ASCII characters from the beginning of the angle values to distinguish the 5 different angle values. In this sequence, character "A" refers to "angle1", character "B" to "angle2", character "C" to "angle3", character "D" to "angle4" and character "E" to "angle5". This character string is then sent to the receiver module via the RF 433 MHz transmitter module. The angle values that are received from the elements of this array are converted to integer values. The flow diagram of the receiver module is shown in Figure 8 . 
The Operation of System
The analog angle values obtained from the flexible sensor are connected to the analog inputs of the Arduino Nano mounted on the glove. These angular values, which are converted to digital operation, are then sent to the Arduino UNO R3 platform, which is connected to the robot arm via the RF 433 MHz communication module. After these angle values are discriminated, they are sent to the servo motors by applying the pulse width modulation (PWM) technique. This operation is applied to 5 servo motors in the same way and the angle information is sent to the interface via the serial communication (USART). This operation is shown in Figure 9 . 
Interface Design with Blender 3D
Blender 3D is an open source free three-dimensional (3D) modeling and animation application. In addition to being a three-dimensional modeling animation software, it also includes a game engine, a video and sound montage software. In this project, in order to monitor the robot hand movements on the computer, the angle data is sent to Blender via serial communication and the finger movements are monitored instantaneously. In addition, real-time game control is provided through the interface that replicates finger movements, and animation work can be done on the computer. The interface of robot hand movements is shown in Figure 10 . 
Conclusions
In this study, it has been observed that finger movements are perceived and imitated with high accuracy without any problems thanks to the flexible sensors mounted on any glove. The novelty of the system is that the system can be monitored on Blender 3D and wirelessly controlled via RF 433 module. With Blender 3D interface, the robot is able to track the position of the hand movements. Thanks to the RF 433 MHz module, more comfortable movement is possible and the usage area is expanded. Since the servo motors high current at the start, the supplies are made separately. This system is possible that the robot hand will become commercially more widespread Since it is low cost. It can be also used in defensive industry, in bomb disposal works, in dangerous places in terms of human health and security, in animatronic works, in people who are living with discomfort at birth or later on their fingers. In the next study, wrist movements with flex sensors are also included in the study, and also EEG (Electroencephalograph) signals are used to control thought power.
